Abstract Parkinson's disease (PD) is a major neurodegenerative disorder that is usually considered in terms of midbrain and basal ganglia dysfunction. Regarding PD instead as a disconnection syndrome may prove beneficial to understanding aspects of cognition, perception, and other neuropsychological domains in the disease. PD is usually of unilateral onset, providing evidence of intrahemispheric dissociations and an imbalance in the usual relative strengths of the right and left hemispheres. Hence, in order to appreciate the neuropsychology of PD, it is important to apply to this disease our understanding of hemispheric lateralization effects and within-hemisphere circuitry from brainstem to higher-order association cortex. The focus of this review is on the relevance of PD-related disconnections among subcortical and cortical structures to cognition, perception, emotion, and associated brainstem-based domains such as sleep and mood disturbance. Besides providing information on disease characteristics, regarding PD as a disconnection syndrome allows us to more completely understand normal brain-behavior relations in general.
the size of their cell bodies . Subcortical white matter reductions in frontal, parietal, and temporal areas have also been documented (Gattellaro et al. 2009; Karagulle Kendi et al. 2008) , even in individuals with early, untreated PD (Martin et al. 2009) .
PD is of particular interest in regard to disconnection effects because in this disorder one sees evidence of intrahemispheric dissociations and an imbalance in the usual relative strengths of the right and left hemispheres, depending on the side of onset of the motor symptoms of the disease. In this review, PD is examined as a disconnection syndrome that requires understanding of hemispheric lateralization effects and within-hemisphere circuitry from brainstem to higherorder association cortex. The focus is on the relevance of these disconnections to cognition, perception, emotion, and associated brainstem-based domains such as mood and sleep. Besides providing information on disease characteristics, regarding PD as a disconnection syndrome allows us to more completely understand normal brain-behavior relations with reference to hemispheric lateralization of function.
Parkinson's Disease: Symptom Asymmetry
PD usually has a unilateral motor onset, and although the disease becomes bilateral, the initial side commonly remains more afflicted than the later-involved side. Because the two hemispheres are specialized for different aspects of perceptual and cognitive function, it is important to contrast PD patients with initial motor symptoms on the right body side (RPD; inferred left-hemisphere pathology) with PD patients with initial symptoms on the left side of the body (LPD; inferred right-hemisphere pathology), as would be true of any disease or disorder affecting one side of the brain more than the other, such as unilateral stroke.
The asymmetrical motor symptoms of PD are associated with asymmetrical depletion of dopamine (DA) in the substantia nigra of the midbrain (Kempster et al. 1989) across the range of disease severity, from never-medicated patients with unilateral symptoms to medicated patients with more severe bilateral involvement (Antonini et al. 1995; Innis et al. 1993; Laulumaa et al. 1993; Leenders et al. 1990; Tissingh et al. 1998) . These changes in the substantia nigra lead to asymmetrical dysregulation of the striatum, which may in turn lead to further asymmetrical dysfunction of neural circuits that include the basal ganglia and cortical areas upon which normal cognitive abilities are dependent (Middleton and Strick 2000a, b) .
Asymmetrical DA depletion presumably has functional consequences with respect to areas with input to or output from the basal ganglia, including the right posterior parietal regions important for visuospatial cognition (Clower et al. 2005 ).
Reduced basal ganglia activity correlates with symptom severity in PD (Antonini et al. 1995; Asenbaum et al. 1997; Kim et al. 1999; Torstenson et al. 1997) . Studies using single-photon emission computed tomography have found bilateral changes in DA activity in PD patients, with more pronounced changes contralateral to the side of initial motor symptoms (Booij et al. 1997; Innis et al. 1993; Kim et al. 1999; Marek et al. 1996) . DA asymmetry as assessed with positron emission tomography has been found in never-medicated patients as well as medicated patients with more advanced disease (Antonini et al. 1995; Laulumaa et al. 1993; Leenders et al. 1990 ). This asymmetry is maintained long after the disease has progressed from unilateral to bilateral. PD patients with moderate to severe bilateral motor disability still show considerable asymmetry in the putamen and caudate, with relatively reduced DA activity contralateral to the initial motor symptom side (Antonini et al. 1995; Booij et al. 1997 ). An autopsy study of PD patients with asymmetrical onset of motor disability revealed 25% fewer neurons in the substantia nigra contralateral to the side of the initial motor symptoms than in the ipsilateral substantia nigra (Kempster et al. 1989) . In light of these findings, it is important to contrast the behavioral performance of LPD and RPD patients. Failure to distinguish side-of-onset PD subgroups may result in failure to discern deficits characteristic of only one of the subgroups that are of consequence to daily function.
The following sections describe mainly visual and visuospatial dysfunction in PD and the primacy of impairments in LPD relative to RPD patients, which is a focus of our current research. As described above, LPD patients with extensive depletion of DA in the right basal ganglia may be at higher risk than RPD patients for visuospatial deficits. The relevance of applying the perspective of hemispheric specialization and potential disconnection effects of course also holds for the cognitive domains that would be more affected in RPD than LPD, such as in verbally-based tasks of executive function and verbal memory. As an example, RPD patients show poorer verbal memory performance than do those with LPD, who in turn are more impaired on visual memory (Amick et al. 2006a ).
Visuospatial Dysfunction in PD
Debate over the existence of visuospatial dysfunction in PD was fueled in the past by concern that poor performance on some spatial tasks was attributable more to the tasks' motor demands than to genuine visuospatial impairment (Brown et al. 1998; Cooper et al. 1991; Girotti et al. 1988) . The current view, by contrast, is that visuospatial deficits are a regular feature of PD (Schapira et al. 2009 ) and are at least partly independent of motor limitations, as PD patients are impaired on a variety of non-motor spatial tasks such as those assessing size perception (Lee et al. 2001a ), visuospatial orienting and attention (Lee et al. 2001b) , mental rotation (Amick et al. 2006b ), perception of optic flow and egocentric reference (Davidsdottir et al. 2008), visuospatial closure (Cronin-Golomb and Braun 1997) , visual form discrimination and face recognition (Pereira et al. 2009 ), speed of visual object recognition (Meppelink et al. 2009 ), and hierarchical pattern perception (Schendan et al. 2009 ) (see Cronin-Golomb and Amick 2001 , for a review of other spatial tasks). Many aspects of visuospatial information are thought to be processed by the posterior parietal lobe, especially in the right hemisphere (Cronin-Golomb and Amick 2001; Harris et al. 2000; Ogden et al. 1990) . Given the laterality of spatial functions, some discrepancies in the literature on spatial abilities in PD may be due to neglecting the critical factor of body side of motor symptom onset, which has been found to be related to the laterality of brain changes in PD (Rakshi et al. 1999; Thobois et al. 2000) and to relative disturbances on tests of spatial perception (e.g., Blonder et al. 1989; Harris et al. 2003; Lee et al. 2001a, b) .
The following is a description of findings from our lab and others of side-of-onset effects on specific measures of visual and visuospatial function in PD. The first set of studies used tests sensitive to hemispheric effects and the second set was further sensitive to side of visual-field presentation, which is a relevant dimension of testing in many disorders with relative unilateral disturbance. The third topic is a description of asymmetries in facial emotion recognition. In all of the studies from our laboratory, the PD participants were non-demented and carefully screened for other neurological disorders and for other conditions that may affect results, such as scores beyond relevant cut-off levels on inventories of depression and anxiety. Most patients had a history of use of anti-parkinsonian medications and were tested during their optimal "on" period. The range of motor severity was mild to moderate as indexed by Hoehn and Yahr stages I to III, with the majority being stage II.
Hemispheric Effects on Visuospatial Function in PD. Hierarchical Pattern Perception and Visual Dependence

Hierarchical Pattern Perception
The unilateral onset of PD may be viewed as a dysregulation of a lateralized corticostriatal network. In regard to visuospatial cognition, the relevant components of the dysfunctional network likely include dorsal posterior cortical areas. Accordingly, we hypothesized that PD would be associated with visuospatial problems that are known to arise from impairments to these areas. We selected hierarchical pattern perception (HPP) and attention for examination (Schendan et al. 2009 ). Performance on tasks assessing these cognitive abilities has been associated with lateralized areas in parietal cortices implicated in visuospatial transformation and attention (Robertson et al. 1988 ), but not with the dorsolateral prefrontal cortex ), a brain region to which some visuospatial deficits in PD have been attributed (Bondi et al. 1991 ).
The standard HPP task is well known in neuropsychology. Observers view hierarchically arranged stimuli-that is, large letters composed of small letters-and identify letter targets occurring at the global level (large letters) or local level (small letters) (Navon et al. 1977) (Fig. 1) . Healthy adults show a right visual field (RVF) (left hemisphere) advantage when the task is to detect local targets and a left visual field (LVF) (right hemisphere) advantage for global targets (Sergent 1982) . Neuroimaging studies have identified greater activation of the left posterior temporal-parietal junction (l-TP) during local processing and greater activation of the right posterior temporal-parietal junction (r-TP) during global processing. Further, the pattern of findings suggests that TP may mediate the sustained distribution of attention between and across local and global visuospatial levels by modulating image analysis in more ventral extrastriate regions (Fink et al. 1996 (Fink et al. , 1997a .
Besides revealing the processes underlying local and global target detection, performance on HPP can also provide evidence for impaired control of visuospatial attention. Damage to the left rostral inferior parietal lobule (l-IPL) has been shown to negatively affect the ability to appropriately allocate attention to a specific hierarchical level (Robertson et al. 1988) . If one manipulates the probability of the level where the target occurs, a reaction time (RT) advantage is demonstrated in healthy adults when targets appear at the more probable (attention-biased) level relative to the less probable level (Robertson and Lamb a b Fig. 1 Hierarchical stimuli. a Small (local) letter "H"s were arranged to form a single large (global) letter "E". The target is the letter "H" and the foil is the letter "E". b Small (local) letter "A"s were arranged to form a single large (global) letter "S". The target is the letter "S" and the foil is the letter "A". (From Schendan et al. 2009; Behavioral Neuroscience, 123, American Psychological Association) 1991). It has been shown that, like healthy adults, patients with r-TP or l-TP lesions benefit from this kind of probability information, but patients with l-IPL lesions show a different pattern in that they do not demonstrate a RT cost when the target appears at the less probable level (Robertson et al. 1988) . (This type of attentional ability has not been examined in patients with r-IPL lesions). Of relevance, a neuroimaging study with healthy adults has shown activation in both left and right inferior parietal cortex when attention is biased toward one level or the other (Wilkinson et al. 2001 ). This evidence for lateralized networks in HPP in healthy adults and in lesion patients led us to investigate the problem in LPD and RPD (Schendan et al. 2009 ). The hypothesis was that RPD would be impaired at local level processing because l-TP emphasizes processing of local information, and that LPD would show impaired global processing because r-TP emphasizes global processing. In this study, we assessed 20 LPD, 18 RPD, and 22 matched normal control individuals (NC). The participants performed a standard HPP task, identifying targets at the local or global level with and without attention being biased toward the local or global level. LPD and RPD performed differently at the global and local levels, despite normal attentional control between levels. LPD patients showed a single dissociation, demonstrating abnormal global level processing under all conditions. By contrast, RPD patients showed abnormal local level processing mainly when attention was biased toward the local level (Fig. 2) .
These findings in PD provide evidence for disruption of the connections between the basal ganglia and the brain areas at the posterior TP junction that are important for HPP, but not dorsolateral prefrontal cortex areas. That is, dysfunction of basal ganglia-posterior parietal connections, and not of a frontostriatal loop, underlies this visuospatial problem in PD. This view is in accord with our current understanding of closed cortico-striato-thalamocortical circuits, which extend from cortex to striatum and then to the globus pallidus or substantia nigra, output nuclei of the basal ganglia, and back to cortex via the thalamus (Alexander et al. 1986 ). There are multiple such loops in the brain, denoted by the cortical areas involved. While frontostriatal and temporostriatal loops have been established for some time based on monkey neuroanatomy (Middleton and Strick 2000a, b) , evidence for a posterior parietal loop is more recent and not yet definitive in its details. It appears that the anterior intraparietal region (AIP, area 7b, area PF) projects to the ventral putamen and sparse parts of the caudate head and body in the basal ganglia (Yeterian and Pandya 1993) . The substantia nigra pars reticulata in turn projects back to area AIP via the thalamus (Clower et al. 2005) , possibly forming the output channel for a posterior parietal loop (Middleton and Strick 2000a) . This aspect of circuitry has been proposed as an anatomical basis for behavioral observations of visuomotor and visuospatial cognition deficits in PD patients that, as we have described, resemble those seen in patients with direct posterior parietal damage (Clower et al. 2005) .
Our HPP findings suggested a link between side of motor symptom onset in PD and hemispheric asymmetry of an inferior parietal-basal ganglia pathway involving the TP and caudate head that is necessary for the visuospatial ability of hierarchical pattern perception. Neuroimaging work will be needed to clarify whether the TP region itself is affected in PD and in a lateralized manner, or whether problems on visuospatial tasks involving TP reflect dysfunctional parieto-basal ganglia interactions emanating from direct basal ganglia dysfunction, which is a hallmark of PD. Such dysfunction may then further disrupt processing along a lateralized parietal-basal ganglia pathway recruited for HPP.
Visual Dependence
While hierarchical pattern perception appears to be associated with parieto-temporal cortex and striatal areas, there are other visuospatial impairments occurring in PD that implicate disordered processing in lower-level visual areas and in more anterior cortex, the latter including the motor areas. We began to explore this issue by asking patients with PD what types of visual and visuospatial problems they were having (Davidsdottir et al. 2005) . We received responses to our questionnaire from 81 patients attending PD support group meetings, of whom 70 self-identified as having unilateral onset (35 each of LPD and RPD). While this selfreport questionnaire was not designed to probe for side-ofonset effects, it was notable that LPD patients reported more often bumping into the left side of doorways than into the right side, whereas RPD patients reported no such bias. This bias may indicate a mild neglect for the left hemispace in the LPD group, which is consistent with the findings of other groups. For example, on a line bisection task, Lee et al. (2001a) found that a LPD group showed a pattern of performance like mild left hemispatial neglect (bisecting the line to the right of the true midline), whereas RPD and healthy adults demonstrated a mild leftward bias (known as "pseudoneglect" in the healthy group). In an interesting extension of this idea, Lee et al. (2001b) asked PD patients to judge if they could fit through a projected view of a doorway. The LPD group overestimated the amount of space they would require to fit through the doorway (that is, they exhibited perceived spatial compression, as is seen in neglect cases), whereas the RPD group showed mild underestimation. The idea of spatial neglect is relevant in assessing another characteristic of PD visuospatial dysfunction, which is visual dependence. Visual dependence refers to the extent to which performance on a task is influenced by non-pertinent visual information in the environment. Visual dependence has long been known to be elevated in PD relative to healthy adults (Danta and Hilton 1975) , with patients relying on visual guidance or feedback on tasks of simple perception and postural manipulations, and when walking (Azulay et al. 1999 (Azulay et al. , 2002 Bronstein et al. 1990; Cooke et al. 1978; Morris et al. 2005) . Whether there is a hemispatial bias to such visual dependence had not been investigated, and we conducted a study to address this question (Davidsdottir et al. 2008) .
In a variant of the standard rod-and frame test that has been used in many studies of visual dependence, we used a largescreen presentation of a tilted rod and asked participants to indicate when the rod was horizontal. The participants included 16 LPD, 15 RPD, and 18 matched normal control adults (NC). We found that both the LPD and RPD subgroups were significantly more visually dependent (unable to disregard visual environmental information when attempting to set the line to horizontal) than the control group. In comparing the PD subgroups, we further found that LPD were more visually dependent than RPD. On average, LPD deviated 0.86°from true horizontal compared to 0.43°d eviation of RPD and 0.27°deviation of NC. Those who were more visually dependent showed a trend toward more bumping into doorways, as measured with the PD Vision Questionnaire. The findings are in accord with previous evidence that PD patients rely more than healthy adults on visual guidance or feedback when walking and for tasks of perception and postural manipulations as noted above. Our findings describe the extent to which visual dependence varies as a function of laterality of motor symptom onset and hence of affected lateralized brain networks.
In the same study, we assessed the ability of the participants to walk along a corridor while we manipulated visual input. We measured the extent of lateral veering, among other gait-related variables. Visual dependence was correlated with veering under visual input for RPD but not for LPD, with RPD who were more visually dependent veering to a greater extent to their left. The results suggest that in the LPD group there were more salient visual influences on veering, possibly associated with associated shifting of the perceived egocentric midline, as described in the next section.
Side-of-Presentation Effects on Visuospatial Function in PD. Optic Flow and Mental Rotation
Perception of LVF and RVF Optic Flow Speed
Following on from the discussion above, we investigated further irregularities in the perception of the visual world of patients with PD. In particular, we focused on the side of visual field presentation because this paradigm has so often been successful in studies of lateralization of perception and cognition in normal individuals as well as in those with various brain disorders. We expected that for tasks in which hemispheric effects (by side of onset) are ordinarily observed, those effects might be further strengthened with restricted side of visual presentation, and that for other tasks that had not previously been associated with hemispheric effects, such effects might be revealed through restriction to one side of presentation.
Beginning with an aspect of basic visual function, we investigated optic flow perception in PD, contrasting optic flow effects with those seen with a higher-order task of egocentric midline perception (Davidsdottir et al. 2008) . Our framework followed from the idea that information about one's directional heading during navigation may be gained either from optic flow patterns or from the perceived location of a goal (Fajen and Warren 2004; Harris and Carre 2001; Kearns et al. 2002; Turano et al. 2005; Warren et al. 2001) . If optic flow speed in the LVF and RVF is perceived as asymmetrical (that is, faster on one side than the other), a bias develops such that heading is perceived to be towards the hemifield in which the flow speed is slower (Dyre and Andersen 1997) . In fact, a successful strategy for steering down a corridor is to equalize the speed of optic flow across the left and right hemifields Srinivasan et al. 1991) . As noted, besides optic flow, the perceived location of a goal may influence the path of movement (Harris and Bonas 2002; Rushton et al. 1998) . Goal direction, including walking toward a target, is influenced by the egocentric reference point (ECRP) (Hasselbach-Heitzeg and Reuter-Lorenz 2002) , which divides space into hemifields with respect to the person's midline (Karnath et al. 1991) . Both midline computation (Vallar et al. 1999 ) and optic flow perception (Peuskens et al. 2001 ) have been shown in functional neuroimaging studies to be subserved by the parietal lobes.
Patients with right parietal lesions and neglect experience shifted midline perception (Hasselbach and Butter 1997; Karnath 1994 ) and shifted allocentric midpoint estimates, such as on line bisection tests (e.g., Rorden et al. 2006) . In PD, shifts in allocentric midpoint estimates are consistent with a neglect-like pattern (Lee et al. 2001a ), but neither egocentric midline shifting nor optic flow perception had been examined in this disorder. As noted in the section above on hierarchical pattern perception, impairments in these parietal-based functions might be expected in PD because of dysfunction of basal ganglia-thalamocortical circuitry that extends to the parietal lobe (Bartels et al. 2006; Clower et al. 2005; Middleton and Strick 2000a) . Evidence supporting the compression of the representation of external space (particularly left hemispace) in LPD (Lee et al. 2001a, b) is consistent with LPD having a shift of midline perception to the right. Because parietal activation during the perception of optic flow patterns is likewise predominantly in the right hemisphere (Peuskens et al. 2001) , it seemed possible that optic flow perception as well as egocentric midline alignment might be particularly disrupted in LPD patients.
The aim of our study was to examine navigational veering in PD and the contributions of disturbances in the perception of optic flow and the egocentric midline to biases in this behavior. Optic flow displays were viewed on a projection screen (sitting) and when wearing a virtual reality headset (walking condition). We expected that motion in the non-compressed hemifield would be perceived to be faster than in the compressed hemifield, resulting in a biased path of locomotion. In the case of LPD, perceived compression of the left hemispace would translate into the perception of slowed optic flow speed in the LVF, and hence leftward veering. The opposite prediction would hold in regard to egocentric midline perception: If LPD had a rightward shift of midline, rightward veering should follow. The direction of veering would therefore provide evidence of the preferential use of optic flow perception or midline reference to update position during spatial navigation in PD.
For both the projection-screen and walking-withheadset assessments, the display consisted of two mirrorsymmetrical fields composed of sidewalls of random dots (Fig. 3) . Under the condition of adjustable optic flow speed using the projection screen, LPD (n=16) tended to perceive LVF speed as slower than RVF speed, consistent with spatial compression, whereas RPD (n=15) and the control participants (n=18) perceived flow in the LVF as faster than in the RVF, consistent with spatial expansion. This perception was demonstrated by their adjustment of flow speed in one hemifield until they perceived that it matched that of the speed-constant hemifield; that is, until they attained the point of subjective equality across hemifields (Fig. 4) . On the egocentric midline estimation task, LPD patients overall indicated that their midline was right of center (driven by LPD women; see the comment on relevant gender effects in Section VII below). These results are similar to what is seen in neglect patients, for whom the midline is shifted towards the ipsilesional hemispace (e.g., Chokron and Bartolomeo 1997; Karnath 1997; Karnath et al. 1991; Richard et al. 2004 ). Our findings suggested that PD affects optic flow perception as well as the ability to estimate the egocentric midline. Fig. 3 Optic flow display (as used in Davidsdottir et al., 2008) On the walking task with subgroups of the above samples (14 LPD, 8 RPD, 16 NC), all veered leftward during navigation with eyes closed. With eyes open under natural visual feedback or with virtual reality input, LPD deviated to the right of center and differed significantly from the other two groups, whereas the RPD and control participants continued to veer leftward (though less than with eyes closed) and did not differ from each other (Figs. 5 and 6). Navigational veering in LPD and in RPD was correlated with deviation of the perceived egocentric midline and not with perception of optic flow speed asymmetries. Additionally RPD veering was correlated with visual dependence, though in fact LPD were more visually dependent than RPD.
This study provided evidence that parietal-mediated perception of visual space, including optic flow speed and egocentric midline coordinates, is affected in PD, and affected differently according to side of disease onset. The walking assessment showed that visual input affected the direction and extent of lateral veering and that veering corresponded to shifts in the egocentric midline rather than to abnormal perception of hemifield optic flow speed. The gender effects found in this study are beyond the scope of this review, but it should be kept in mind that certain spatial tasks may elicit different performance in men and women. If ignored, these differences and consequent enhanced variability within the PD group as a whole may result in erroneous interpretation of spatial effects in PD and in general.
Mental Rotation
Consistent with the consideration of hemisphere effects, LPD and RPD patients appear to exhibit different mental rotation deficits. RPD but not LPD patients have been shown to make more errors than a control group on a personal orientation task (viewer-centered transformation) (Bowen et al. 1976) . RPD patients were also slower at mentally rotating hands (viewer-centered transformation) than a control group, whereas groups did not differ when mentally rotating alphanumeric stimuli (object-centered transformation); LPD patients were not assessed (Dominey et al. 1995) . Lee et al. (1998) found that LPD patients were Fig. 4 Optic flow results. When optic flow speeds were equal in the two hemifields, RPD and HC (healthy control) perceived the speed of optic flow in the LVF to be faster than the speed of optic flow in the RVF; that is, they thought the LVF flow speed should be slower in order to reach the point of subjective equality (PSE) with respect to constant flow speed in the RVF. By contrast, LPD tended to perceive the speed in the LVF as slower than the speed in the RVF; that is, they thought the LVF speed should be faster in order to attain the PSE with respect to the constant speed in the RVF. (Results from Davidsdottir et al. 2008) impaired relative to a control group on the mental rotation of objects (object-centered transformation) in three (3D) but not two (2D) dimensions. RPD patients were not assessed. None of these studies directly compared RPD to LPD patients on tasks requiring object-versus viewer-centered transformations, raising the question of what hemisphere effects might emerge through this contrast. We accordingly chose two types of tasks: mental rotation of objects, requiring object-centered transformations, and mental rotation of hands, requiring viewer-centered transformations (Fig. 7) . Because mentally rotating hands engages a more extensive region of dysfunctional cortex (primary and association motor and parietal cortices) than rotating objects (parietal), we expected that PD patients in general would perform more poorly on the mental rotation of hands than objects relative to a control group. The hypothesis of interest here was in regard to how side of onset would influence the severity of impairment on mental rotation. Mental rotation of objects is associated with more extensive right-hemisphere processing, suggesting that if there were a PD deficit then LPD patients would exhibit the most severe impairments. By contrast, mental rotation of hands engages largely left parietal and frontal areas, so RPD patients would be expected to be the more impaired subgroup.
The convention in the literature is to design the hands task to elicit maximal involvement of the left hemisphere by always displaying the hand to be mentally rotated in the RVF (e.g., Ganis et al. 2000; Kosslyn et al. 1998 ). The limitation of this design, however, is that visual field of presentation, instead of stimulus type, could account for poorer performance by the RPD than the LPD group on mental rotation of hands. As information from one visual field is processed first in the contralateral hemisphere, the side of presentation (LVF, RVF) and not the stimulus type (hands, objects) might actually account for any observed lateralized brain activity. In order to examine this possibility, we included a control experiment for a subgroup of participants. In this experiment, the hand to be rotated appeared in the LVF instead of in the RVF. If visual field of presentation determines the hemisphere recruited for hand mental rotation, then in this control experiment the LPD group would be predicted to be the more impaired group.
In our study (Amick et al. 2006b ), we assessed performance in 15 LPD, 12 RPD, and 13 matched healthy normal control participants (NC) (subgroup of 7 LPD, 6 RPD, 6 NC for the control experiment), who made same/ different judgments about pairs of rotated hands or objects. As expected, we found that PD patients, relative to the NC group, were more impaired on the mental rotation of hands than objects. Neither LPD nor RPD performed worse than the control group for objects. Also as expected, side of onset predicted results for hands. In the case of rotating hands with the stimulus to be rotated appearing in the RVF, it was the RPD group, but not LPD, that made more errors than the NC group (Fig. 8) . When the stimulus to be rotated appeared instead in the LVF, only LPD made more errors than NC (Fig. 9) . Together, these findings suggested a double dissociation between RPD and LPD groups on the hand mental rotation task, depending upon whether the hand to be mentally rotated appeared in the visual field that was ipsilateral to their side of onset. That is, the hemifield location of a to-be-rotated hand stimulus was able to cause the hemispheric frontoparietal networks to be differentially engaged.
Further result characteristics were informative. Relative to the NC group, the performance accuracy of the RPD group was described by a steeper mental rotation slope with RVF but not LVF presentation. Because slope results are thought to reflect the mental rotation process itself (Shepard and Cooper 1982) , our slope findings provided compelling evidence for a single dissociation of RPD patients on the mental rotation process when hands were shown in the RVF but not LVF. Deficient performance on the mental Fig. 7 Mental rotation stimuli. a, b Examples of pairs of hands and objects rotated in 2D space when the correct response is "same". c, d Examples of pairs of hands and objects rotated in 3D space when the correct response is "different". (From Amick et al. 2006b; Neuropsychologia, 44, Elsevier) rotation of hands therefore points to abnormal functioning of cortical regions in RPD, such as fronto-parietal circuits, not only the basal ganglia. By contrast, LPD patients did not show the slope effect but rather showed only a higher yintercept of the mental rotation curve with LVF presentation (and not with RVF presentation). Such y-intercept effects are considered to reflect pre-or post-rotation processes, as opposed to a mental rotation function itself (Shepard and Cooper 1982) . In light of the strong visual field dependence experienced by LPD patients, as discussed above, the mental rotation deficit seen in LPD may be related more to an input process preceding mental rotation than to a postrotation process. For example, the problem for LPD when the hand to be mentally rotated was presented in the LVF may relate to the lack of a right hand representation in the right hemisphere (Parsons et al. 1998) . We concluded that LPD and RPD showed a double dissociation regarding errors on hand mental rotation, depending upon the side of visual-field presentation. It is clear from the slope data that the source of the impairment in RPD was the mental rotation process itself. In LPD, the source of impairment may instead have been mainly a pre-rotation input process recruited for the task.
Hemispheric Effects in Facial Emotion Recognition
There has been debate concerning the integrity of the ability to recognize emotional facial expressions in PD. While several studies have shown impairments in this domain (Dujardin et al. 2004; Jacobs et al. 1995; Kan et al. 2002; Lawrence et al. 2007; Sprengelmeyer et al. 2003) , there has been no consensus as to the cause. One problem is that the methods of assessing facial emotion recognition have been inherently limited. Our review of the literature suggested that emotion recognition may have been confounded by cognitive task requirements owing to the lack of a control condition using non-emotional stimuli. This confound exists for facial emotion recognition studies in general, and is not limited to studies of PD.
In order to determine whether performance on a standard facial emotion recognition task was impaired in PD, we included a carefully designed control condition of landscape recognition (Clark et al. 2008) . The landscape images were judged by independent observers to be as recognizable as the facial images, and the task requirements for the two types of stimuli were identical. Using this method, we assessed the recognition of facial emotions in 11 LPD, 9 RPD, and 23 matched healthy normal control participants (NC). The task was to view the face or landscape and indicate its type from a seven-choice array. Faces corresponded to the six emotions (anger, disgust, fear, happy, sad, surprise) plus neutral, and landscapes included environmental types (canyon, city, forest, mountain, shore, town, tropical) (Fig. 10) . We found that PD patients performed normally on the landscape task but were impaired on the recognition of facial emotion. The normal performance on the landscape task, which was matched to the facial emotion task for recognizability and for processing and response requirements, strengthens the interpretation of the specificity of the facial emotion findings. Moreover, the PD patients performed normally on a task of emotional prosody recognition, indicating that their emotion identification difficulty was tied to visual processing of faces rather than to a more general impairment in emotion assessment. Side of disease onset played a role in the PD groups' deficiencies in facial emotion recognition, specifically for anger (driven by LPD) and surprise (driven by RPD). The LPD patients displayed impairments in the recognition of facial emotion (anger) and landscapes, whereas the RPD group displayed a specific impairment in the recognition of facial emotion only (surprise) (Fig. 11 ). Our finding that LPD patients were less accurate than the control group at identifying angry facial expressions suggests the relative importance of right over the left hemisphere in the recognition of angry expressions. This result is consistent with studies of groups besides PD that implicate a greater right than left hemisphere contribution to the perception of negative emotions in general (e.g., Adolphs et al. 2001) , and observations of greater activation of limbic structures in the right than left hemisphere (i.e., right orbitofrontal cortex, cingulate gyrus, and amygdala) when viewing angry faces (Blair et al. 1999; Hariri et al. 2002; Sprengelmeyer et al. 1998; Yang et al. 2002) . By contrast, the left hemisphere appears to be more important than the right in mediating positive emotions (Ahern and Schwartz 1979; Davidson and Fox 1982; Natale et al. 1983 ; for a review see ReuterLorenz and Davidson 1981; Silberman and Weingartner 1986) .
In a second study with a subset of the participants described above (9 LPD, 7 RPD, 20 NC) , we explored whether the PD deficit in identifying facial emotions may have arisen from visual scanning abnormalities (Clark et al. 2010) . We recorded eye movements while the participants engaged in tasks assessing prosaccades (looking toward a stimulus), antisaccades (looking in the direction opposite a stimulus), and category identification using facial and landscape images similar to those included in the first study. LPD but not RPD showed abnormal antisaccades, consistent with findings indicating greater involvement of the prefrontal regions in the right than left hemisphere in antisaccade generation (Ettinger et al. 2005; Sweeney et al. 1996) . Antisaccade performance did not correlate with performance on the categorization tasks, however. For the landscape task, PD and NC performed similarly in regard to accuracy and scanning patterns.
For the facial emotion identification task, there were LPD-RPD differences in scanning patterns. As noted above for the first study, RPD but not LPD showed impaired accuracy in recognizing the expression of surprise. In the LPD group specifically, there was a positive correlation between recog- Fig. 11 Results on facial emotion recognition and landscape categorization. Mean (+ standard error of the mean) percentage of matched Anger and City images, and matched Surprise and Shore images that were correctly identified by each group. HC = Healthy control. Asterisks indicate that the groups' means are significantly different at the p<.05 level (*) or p<.01 level (**). (From Clark et al. 2008; Neuropsychologia, 46, Elsevier) Face Landscape Fig. 10 Examples of stimuli from the Facial Emotion Recognition task and the Landscape Categorization task. (From Clark et al. 2008; Neuropsychologia, 46, Elsevier) nition accuracy of surprise facial expressions and the number and duration of fixations in the top regions of the face. The result suggests that LPD participants who attended more to salient emotional information present in the top regions of the face (i.e., eyes) were better able to recognize the emotion. Because LPD and RPD participants did not differ on top-bottom fixation measures, it is possible that RPD participants, who were impaired in identifying this emotion, did not appropriately use this salient information. These findings suggest a modest but specific relation between facial emotion categorization impairments and visual scanning of facial expressions in hemi-PD.
Hemispheric Effects on Sleep and Mood in PD
Sleep problems occur in at least 75% of PD patients over the course of the disease (Factor et al. 1990; Goetz et al. 2005; Lees et al. 1988) , including sleep fragmentation, sleep-related breathing disorders, restless legs/periodic leg movements, REM sleep behavior disorder, sleep-related psychosis (nocturnal hallucinations), and altered sleep-wake cycle (Askenasy 2001; Fahn 2003; Gunn et al. 2010) . Relatedly, patients with PD experience disturbances of arousal, including excessive daytime sleepiness (Askenasy 1993; Fahn 2003; Gunn et al. 2010) . It is now recognized that the pathology of PD probably begins in the brainstem, with an ascending progression of Lewy body and Lewy neurite pathology from the medulla to cortical areas ). This pathology, associated with neuronal loss in the cholinergic, dopaminergic, and serotonergic systems, is likely to affect the pons and reticular activating system, which are important in sleep and wake regulation as well as in dream formation (Hobson et al. 1998) .
Observed lateralization of some aspects of sleep has raised the question of its potential relevance to PD. Righthemisphere neural networks are implicated in arousal and vigilance in healthy adults (Bearden et al. 2004; Liotti and Tucker 1992; Posner and Dehaene 1994) , and these righthemisphere vigilance functions are particularly sensitive to sleep deprivation (Johnsen et al. 2002) . There is also evidence for a functional deterioration of the frontotemporo-parietal network in the right hemisphere of patients with narcolepsy (Saletu et al. 2004) . We undertook an initial study with a focus on PD side of onset, using a sleep questionnaire (Parkinson's Disease Sleep Scale) in 14 LPD, 17 RPD, and 17 age-matched control participants with chronic health conditions (Stavitsky et al. 2008) . It should be noted that unlike in our other studies, the PD group here was almost exclusively male, being a sample of veterans. While both PD subgroups endorsed more nighttime motor symptoms than the control group, only the LPD patients reported more nocturnal hallucinations and daytime dozing (Fig. 12 ). The RPD patients had higher scores on a scale of depression, anxiety, and stress, and we accordingly controlled for these variables. The analysis of covariance confirmed the propensity of the LPD group for nocturnal hallucinations and daytime dozing and further revealed Fig. 12 Mean frequency of vivid dreaming, nocturnal hallucinations, and daytime dozing in Control (CO), RPD and LPD groups. * Indicates differences between LPD and CO groups after controlling for mood; ** indicates differences between LPD and RPD after controlling for mood. No differences were found between RPD and CO on these variables. In the standard version of the questionnaire, higher numbers indicate lower frequency of symptoms. For greater clarity of interpretation, we modified the scale so that higher numbers indicate higher frequency of symptoms. (From Stavitsky et al. 2008; Cognitive and Behavioral Neurology, 21, Lippincott Williams & Wilkins) more distressing and vivid dreams in this group relative to the RPD and control groups.
Increased dreaming, hallucinations, and daytime sleepiness in LPD may be related to changes in right-hemisphere neural networks implicated in the generation and control of visual images, arousal and vigilance. More specifically, there may be alterations in right-hemispheric cortical activation via asymmetrical basal ganglia functioning in LPD. As noted earlier in this review, the basal ganglia are part of the cortico-striatothalamocortical circuits projecting to cortical areas involved in higher-order visual processing (Middleton and Strick 2000b) . Supporting this view, imaging studies of patients with Dementia with Lewy Bodies and of patients with PD have shown selective activation of right-hemisphere brain regions (i.e., right parietal and temporal areas) (Imamura et al. 1999; Oishi et al. 2005) in patients with visual hallucinations. In normal adults, there is activation of the right parietal operculum despite the general deactivation of the parietal and frontal cortices during REM sleep dreaming (Maquet et al. 1996) . In LPD, there may be increased thalamic input to right temporo-parietal areas that is caused by dysfunction of the corticostriatal circuitry (Middleton and Strick 1996) , leading to abnormal ponto-geniculo-occipital activity (Diederich et al. 2005) . These alterations in righthemispheric cortical activation may result in disturbed visual processing and more frequent dreaming in patients with LPD.
In all three groups of participants in our study, levels of stress, anxiety and depression were related to their reported sleep disturbances. RPD patients had higher scores than the LPD or control groups on these symptoms. Those individuals who reported more mood symptoms also reported more frequent sleep problems. In younger and older adults without PD as well as in patients with PD, those expressing a greater degree of sleep problems also endorsed more mood symptoms such as depression and anxiety (Gunn et al. 2010; Ohayon 2005) . Adjusting for mood symptoms strengthened our finding of LPD-RPD differences on dreaming, hallucinations and daytime dozing, thereby highlighting sleep disturbances that were intrinsic to the disease rather than secondary to other disease-related symptoms such as depression and anxiety (Friedman and (Clark et al. 2008) 11 LPD, 9 RPD, 23 NC Impaired at anger identification relative to NC Impaired at surprise identification relative to LPD and NC Visual scanning (Clark et al. 2010 (Aarsland et al. 2009; Farabaugh et al. 2009; Pontone et al. 2009; Richard et al. 1996) . This observation underscores the importance of considering mood in studies of PD as well as of healthy adults in which outcome measures (cognitive, perceptual, emotional) may be affected by mood. A summary of some of the differences that our laboratory has found in the performance of LPD and RPD patients on tasks of visuospatial function, facial emotion recognition and scanning, sleep and mood is provided in Table 1 .
The Relation of Gender to Hemispheric Effects in PD
PD affects more men than women (Dluzen and McDermott 2000; Van Den Eeden et al. 2003) and results in different clinical symptom profiles (Arabia et al. 2002; Baba et al. 2005; Haaxma et al. 2007; Scott et al. 2000) . The basis of this gender specificity may be differential vulnerability to neurotoxins affecting the nigro-striatal dopaminergic system, with estrogen possibly inhibiting neurotoxin uptake through the dopamine transporter (Disshon and Dluzen 1999) . Review of the effects of estrogen in the brain (Liu and Dluzen 2007) suggests a neuroprotective effect of estrogen against dopamine neurodegeneration in the nigrostriatal regions, based on animal and human studies. Estrogen effects may be especially salient for spatial ability in light of robust gender differences on such tasks as mental rotation (For a review see Cronin-Golomb and Amick 2001) .
In our questionnaire study of PD, women and men endorsed items about visual and spatial difficulties to a different extent (Davidsdottir et al. 2005) (Fig. 13) . In our experimental studies, we have detected a complex pattern of biases in the perception of spatial relations in PD, which in some instances was influenced by interactions between side of motor symptom onset, hemifield presentation, and gender (Davidsdottir et al. 2008 ). The interactions may at least partly explain the variable patterns of visuospatial impairment that have emerged from previous studies. In our study of facial emotion recognition, we reported that men but not women with PD, and women but not men in the control group, displayed relative weakness in the recognition of specific emotional expressions (Fear) (Fig. 14) (Clark et al. 2008) . Our associated study of visual scanning patterns (Clark et al. 2010) found that control women spent less time fixating on fearful expressions than control men did. We found no male-female difference in fixation duration for the PD group, raising the intriguing possibility that for some perceptual or cognitive functions, PD may be associated with the disappearance of normal gender-based differences.
Studies of PD have often recruited only or mostly male participants and have failed to analyze data by side of disease onset, making generalizations from the results problematic. Revisiting data from previously published studies that could be examined by side of onset and gender, together with designing future studies with these comparisons in mind, would undoubtedly enhance our understanding of the relation of brain changes to cognition, emotion, mood, sleep, and behavior in PD.
Relevance of PD Disconnection Findings to Normal Brain Organization and Function
To the extent that it may be regarded as a disconnection syndrome, PD provides information on normal brain circuitry within hemispheres and on interhemispheric relations. Results from the studies described above may be applied to this purpose. Perhaps the clearest implications emerge from the studies of mental rotation and hierarchical pattern perception.
Our findings from the study of mental rotation provided evidence that in PD, the visuospatial and motor-related neural networks supporting mental rotation of body parts within each hemisphere can be differentially recruited depending upon the visual-field location of the to-berotated limb. The findings raise the broader question of whether different hemispheric networks are invoked by LVF and RVF presentation of similar material in the normal brain as well. Moreover, they indicate that frontostriatal motor systems and the parietal lobes play a necessary role during the mental rotation of hands, which requires integrating visuospatial cognition with motor imagery.
The results from hierarchical pattern perception link the side of motor symptom onset to visuospatial abilities that are supported by contralateral temporal-parietal junction (TP) in PD and thereby inform us of cognitive abilities in this disease. Further, they provide evidence that an inferior parietal-basal ganglia pathway involving the caudate head and hemispherically asymmetrical TP region is necessary for the visuospatial ability of hierarchical pattern perception. As discussed earlier, prior neuropsychological work has identified TP but not the dorsolateral prefrontal cortex as necessary for hierarchical pattern perception. Because we found abnormal performance on this type of pattern perception in PD, it follows that visuospatial dysfunction in PD can reflect dysfunction primarily in the posterior parietal-basal ganglia network rather than in the fronto-striatal loop. On the basis of this evidence, we propose that hierarchical pattern perception tasks require the recruitment of a lateralized TP-basal ganglia network, possibly a parieto-striatal loop (Clower et al. 2005; Middleton and Strick 2000a, b) .
The findings discussed here add to the growing list of visuospatial abilities that depend upon cortical-basal ganglia connections and are important for characterizing the range of visuospatial impairments in PD as well as for theoretical understanding of the role these interconnections play in cognition.
In summary, there is convincing evidence in PD for dysfunction of subcortical and cortical structures and for the repercussions of this dysfunction on cognition, perception, emotion, sleep, and mood. Regarding PD as a disconnection syndrome not only provides information on the characteristics of the disease, but it also-in the spirit of the approach advanced by Norman Geschwind and other influential investigators of his generation-equips us with an effective means for exploring normal brain-behavior relations.
